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Section 1
INTRODUCTION

This report covers the effort of McDonnell Douglas Astronautics Company
(MDAC) in the design, development, manufacturing, testing, and installation
of two broadband, multifrequency aircraft radiometer radomes for Manned
Spacecraft Center, National Aeronautics and Space Administration (MSC,
NASA), These radomes were required to perform at discrete frequencies in
the L-, X-, K-, and Ka—bands, and in both vertical and horizontal polariza-
tions, The transmission losses were to be minimal; pattern distortion and
antenna beam deflection were to be within MIL-R-7705A (ASG), a military
specification for radome.s, Fitting of the radomes to the particular NASA
P3A aircraft (927) was to be ensured, A determination was to be made of
airworthiness for the chosen radome shape using aircraft operating param-

eters supplied by MSC,

Lightning arresters were to be installed that would not affect the radiation
patterns, and temperature sensors were to be implanted in the radome which

would give temperature readings with an accuracy of £1/4°C,






éection 2
SUMMARY AND CONCLUSIONS

Two radomes that met the requirements were delivered to MSC,, Contract-
ﬁally, verification of these radomes was to be made with simulated antennas
and/or horns, At the request of the technical peréonnel of MSC, final
patterns werve made with the actual antenna system, antenna mounting ring,
and simulated aircraft bulkhead fétructure, supplied as government furnished
equipment (GFE) by MSC specifically for these tests, MDAC was thus able

to furnish the government with measurements closely representing the system

in its actual use configuration,

The original set of patterns taken on this system are being furnished to the
government at no additional cost., These patterns are for four antenna look
angles in the vertical plane (0°, 30°, 70°, and 160°); four frequencies (L-,
X-, K-, K, -bands); horizontal and vertical polarization; and for both

radomes, Also furnished are corresponding patterns taken on the antennas

only.

The final radomes were of solid laminate construction rather than the mul-
tiple sandwich. The two upper frequencies (K- and K_-band) were almost
precise multiples of the X-band frequency. Calculations showed that a
laminate 0, 265 in, thick produces electromagnetic transmission character-
istics that meet the contractual requirements. An added advantage, in
addition to the inherently stronger physical characteristics of this type of
construction, is its ability to withstand the high-energy impact forces

" caused by hail., Hail impact tests made by Douglas Aircraft Company show
that local delamination of the outer skin becomes negligible for aircraft in

the P3A speed range when the skin is thicker than 0, 080 in.

A hemispherical shaped radome was chosen to minimize any distortion of
the antenna patterns., In general, the radomes performed within the tolerance

of the military specification, In all cases boresight shift and beam spreading

PRECEDING PAGE BLANK NOT, FILMED 3



were within the tolerance of the military specification. As far as side-lobe
level changes in patterns, there were only two cases in which the change

warrants explanation (see Subsection 6, 1),

The transmission efficiency tests performed by Jet Propulsion Laboratories
showed that the losses caused by absorption generally were less than the
contractual figure. Measurements made by MDAC were inconclusive, as was
to be expected, since the measurement technique did not follow that called
out in the military specification, Specified procedure requires that the
radome be moved one-quarter of a wavelength with respect to the antennas,
This could not be done with the GFE,

An aerodynamic analysis showed that the final radome shape did not have any
adverse effect on the operational characteristic of the P3A aircraft. Also,

its larger size did not restrict the vision of the pilots.

The larger size of this radome as compared to the usual P3A aircraft radome
resulted in a somewhat heavier weight (approximately 280 1b), A stress
analysis showed that existing latches, hinges, and former ring assembly

could support this increase in weight,

The system required operation in both horizontal and vertical polarization,
Therefore, solid lightning arrester strips were disregarded in favor of a
technique developed by Douglas Aircraft Company which is insensitive to
polariiation, The manufacturing process of these arresters was improved
by using photographic etching and plating procedures, giving significantly
closer tolerances and uniformity of strips, Pattern tests were made with
and without these strips on the radome and there was no appreciable change

in the antenna patterns,



Section 3

DISCUSSION OF PROGRAM

3.1 MANAGEMENT

This program was managed in the MDAC Microwave Engineering and
Laboratories Branch, The organization relationship shown in Figure 1 was
established. John W, Thomas, Design Technology Director, held weekly or
biweekly meetings depending on program needs and milestones. Full man-
agement support was given to ensure fulfillment of technical contract require-~

ments and to meet the accelerated delivery schedule,

A decision was made in January 1969 that the contractor should be responsible
for the actual fit of the radomes on the particular P3A aircraft. Measure-
ments were made in Houston during January within 2 days after MDAC
received the change of scope direction, The MDAC subcontractor, Fibco
Plastics, made a master tool, molded to the configuration of the canted

fuselage station to which the radome was attached,

To meet the accelerated schedule, two surplus radomes were purchased,

The older radomes were removed and the former ring and associated hard-
ware used for radome 1 on this contract. When the two sets of former rings
furnished as GFE under Article XVII, Item 51, of the contract were received
by MDAC, it was found that they were unusable for radome 2. Unfortunately,
these rings were not drilled with pilot holes for the rivet hole pattern, As
there are over 300 rivets closely spaced, the problem of drillingk and back-
drilling could have been formidable. It was decided, therefore, to use the
ring from the second purchased radome in producing the second deliverable

radome,.

The first radome was completed on schedule and flown to Orlando, Florida
at the request of MSC under a further change of scope., MDAC personnel
accompanied the shipment, The radome 1 was fitted to the aircraft April 27

to the satisfaction of the MSC representative,
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The second radome was completed early so that it could be fitted to the air-
craft while the aircraft was in Houston for a checkup, This work was

completed August 12,

3.2 SCHEDULE

MDAC responded to an August 1968 RFQ by a formal proposal in August 1968,
A revised proposal was submitted in September 1968, In December 1968 a
contract was received which allowed preliminary efforts to begin, In
January, MDAC began full-scale development. In January, a change of scope
was requested by MSC and in February MDAC made a formal proposal for
added work é.gainst an é.ccelerated schedule, The first radome was delivered

in April and the second radome was delivered in August,

In July the antenna package, antenna mounting ring, bulkhead mockup section,
and radome 1 became available. It was decided by MSC to supply this equip-
ment as GFE to MDAC, Electrical tests were then run using the actual
system and both radomes were measured within a week of each other, - It had
been planned to use reflectors and/or horns simulating the actual antenna
system to verify the radomes, Howéver, ‘this change enabled MSC to get
total system performance data plus preliminary patterns pending a more
detailed measuring program, Data on the transmission efficiency phase of
the measurements were made and calculations performed by Jet Propulsion

Laboratories (to be released later as a JPL report).

3.3 DATA

There were 17 contractual data items required, Figure 2 shows the individ-

ual items and the dates completed,
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Section 4
DESIGN

4.1 ELECTROMAGNETIC ANALYSIS

The radome made under this contract was unusual in that it was required to
be transparent to a frequency spectrum greater than 20:1, whereas the

majority of aircraft radomes are designed to pass a single specific frequency,

During analysis, the following steps were taken: (1) design studies, (2) selec-

tion of material, and (3) fabrication and test of a sample panel,

4.1,1 Design Studies

Radome design techniques may be generally divided into three categories,
They are based on the three basic wall configurations: thin-wall, solid

laminate, and sandwich,

The thin-wall radome has a wall thickness substantially less than one-tenth
of the wavelength of the impinging energy. At relatively low microwave fre-
quencies, such a wall is usually structurally adequate for most aircraft
applications. However, at higher frequencies the thin-wall radome is

normally not strong enough to withstand the flight conditions,

For maximum power transmission efficiency, the solid laminate should have

a thickness of a half wavelength or some integral multiple thereof,

Several sandwich configurations are used, The simplest (A sandwich) consists
of two very thin skins of relatively high dielectric constant, separated by a
low-dielectric core whose thickness is an odd multiple of a quarter wave-
length., Other sandwiches are the B type, where the core dielectric conétant
is higher than that of the skins; the C type, which has three skins and two
‘cores; and the multilayer, which may have any reasonable number of layers

of alternating high and low dielectric constant material. In the present

design, all of these configurations were examined,



The first step in designing any radome is the grazing angle study. This
procedure consists of locating the radiating system within the radome and
examining the angles at which the radiated energy impinges on the radome
wall. Knowledge of these angles is re;:luired because wall thickness is a

function of incidence angle and relative polarization,

Figure 3 shows a profile view of the radome with accepted nomenclature.and
three positions of the antenna system, It will be noted that the incidence
angle is that angle between the given ray and a normal to the surface at the
point of impingement, The ray and the normal define the plane of polariza-
tion. When the electric vector is parallel to the plane, the polarization is
defined as being parallel, Converseiy; when the electric vector is perpen-
dicular to that plane, the polarization is defined as perpendicular., In
designing a radome, therefore, two conditions are examined: one where the
electric vector (which defines the polarization) is oriented parallel to the
plane of incidence; and the other, where the electric vector is perpendicular

to the plane of incidence,

The basic step in selecting a wall configuration is a knowledge of the opera-
tional frequency of the system enclosed by the radome. In this case, a multi-

frequency radiometer system is involved, The frequencies of operation are:

1.42 +0, 075 GHz L-band
10. 625 +0, 125 GHz X-band

22.3 +0, 250 GHz k—band

31,4 +0, 250 GHz Ka-band

An examination of the wavelengths shows immediately that a thin-wall radome
would be structurally inadequate for a 400-knot airplane, since, even at the
X-band frequency, it would be substantially less than 0, 05 in, thick., Selec-

tion is thus constrained to either the solid wall or the sandwich,

Examining the simplest sandwich, it is seen that the frequencies are so
related that a quarter-wave core at 10, 625 GHz would be a half-wave core at
22,3, This constitutes the poorest possible sandwich, thus eliminating such

a configuration from consideration,

10
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In the case of the B-sandwich, two factors mitigate against its practicality
for the present application, First, the dielectric conété,x'_lt required for the
core is unreasonably high, Secondly, since the skin thickness must be a
quarter wavelength, the multiplicity of 'frequencies makes selection of va skin
dimension impractical, This is the identical problem which arises with the

core of the A-sandwich,

Multilayer sandwiches are based upon a number of very thin (0,010 to 0, 020
in, ) skins, separated by lightweight cores, each about 0, 100 in, or less, The
requirement in this radome for resistance to rain erosion and to hail impact
implies an outer skin at least 0, 040 in, thick, plus about 0.012-in. neo-
prene or urethane protective coating. Such an outer skin would actually

mitigate strongly against selection of the multilayer wall,

Thus the thin wall and the sandwich are eliminated, leaving the solid lami-
nate, Normally, because of the half-wave consideration, this configuration
cannot be éonsidered broadband. However, the three upper frequencies bear
almost a precise harmonic relationship, Thus, a half-wave wall at X-band
becomes a full-wave wall at K-band and three-halves wave wall at Ka-band.

At the lowest frequency, such a wall approaches the thin-wall criteria.,

Power illumination contours were assumed for the four system antennas,
based upon the known characteristics of arrays and of scalar horns. Figure
4 shows the distribution of energy across the face of the aperture in the X-,
K-, and Ka—band scalar horns. The assumed distribution conforms to the
cosine curve, with no energy at the outer edge, Similarly Figure 5 shows
the assumed distribution as taken from the literature, for the L-band ‘
array. The level at the aperture edge is -20 dB, Using these contours and
the conventional grazing angle procedure, it was determined that, in the
almost hemispherically shaped radome, the weighted average incidence
angles for the four antennas are shown in Table.l, As would be expected

from a hemispherical shape, the incidence angles are very low,

Based upon a measured dielectric constant of 4, 28 and loss tangent of 0, 014
for a conventional glass-epoxy laminate, a study was made by electronic
computer to find the power transmission efficiency, power reflection, and

insertion phase delay of the solid wall as functions of frequency, incidence

12
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Table 1
WEIGHTED AVERAGE INCIDENCE ANGLES

Aspect
Frequency Forward ’ Up Down
L-band 10° 8. 25° 10, 4°
X-band ‘ 12, 5° ‘ 13,0° 3.3°
K- and K_-band 14, 3° 14, 4° 10, 4°

angle, and polarization. Curves were plotted to show the results of these
calculations., Individual sets were first laid out for each discrete frequency
band, A composite set was then drawn to show the overall i'esponse of the
radome at all primary frequencies. These curves are also shown in Fig-

ures 6through 10.

4.1,2 Selection of Material

Eight sample laminates were submitted by the subcontractor, Fibco Plastics,
Dielectric measurements were made and the results are shown in Table 2,
The configuration selected was laminate 5. The radome wall was constructed
with two layers of type 181 glass cloth (0, 0085 in, thick) as inside.and out-
side surfaces. Between these layers, the remaining laminate was of type
1584 glass cloth (0,026 in, thick), The resin selected for impregnation was
Shell epoxy, type 828, using curing agent A, This laminate had-a resin
content of 28%, resulting in a dielectric constant of approximately 4, 1 and a

loss tangent of 0, 01, The thickness was 0, 265 in,

4.1.3 Fabrication and Test of Sample Panel

A 2 by 4 ft test panel was then fabricated using the above configuration. It
- was tested in accordance with the procedure in paragraph 4.8.3.2.2 of MIL-R-
7705A (ASG). The results are tabulated in Table 3.

14
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4.2 AERODYNAMIC ANALYSIS

MDAC was to perform an aerodynamic analysis to determine the aerodynamic
loads on the radome shell and the attachment fittings. Also there was to be

an estimate of the resulting aircraft and flight restrictions, if ény.

This phase of the contract was performed by personnel in the Douglas Air-

craft Company because of their extensive experience in this type of analysis,

An estimated pressure distribution over the forward 100 in. of the fuselage
of the P3A was made, The calculations were based on Douglas three-

dimensional Neuman computer program, BOXC,

A comparison between the profiles of the existing and the new radome in both
vertical and horizontal planes showed a very small increase in planform

and side area of the fuselage. This increase in area and fuselage volume is
not large enough to have significant effect on either the longitudinal or

directional stébility or controllability of the aircraft.

17
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Therefore, no restrictions were imposed on the normal operating envelope

and center-of-gravity range of the P3A aircraft,

The results of this analysis have been'given in report DAC-67784, a copy
of which has been supplied as Data Item 11,

4,3 STRESS ANALYSIS

The original RFP required that the radome be capable of withstanding the
takeoff, flight, and landing stress conditions, The interface for responsi-
bility between MDAC and MSC was that MDAC would make an analysis of
structural loads to the hinges and latches due to the radome, but would not
consider the transfer of stress into the aircraft structure, This phase of
the contract was also performed by personnel in the Douglas Aircraft

Company.

i

Because of the lack of pertinent data on the P3A aircraft, it was agreed
among MSC, MDAC, and Douglas Aircraft Company personnel that Douglas
Aircraft would develop the appropriate information from C-133 basic flight
data, Originally these data were to be supplied as GFE, Item 48 Article
XVII of the Contract., Subsequently, Douglas Aircraft developed an Aircraft
Lift Coefficient versus Angle of Attack versus Mach Number criterion, In
addition, a Pitch Attitude Envelope was developed, Four aircraft were used
to determine an average value of angle of zero lift to use for the P3A. The
four aircraft were the C-133, C-124, DC-6, and DC-8,

An equivalent airspeed of 405 knots was chosen as the maximum velocity for
the P3A by MSC,

Computer program SA-39 was used to calculate internal loads and moments
for an external pressure distribution on the radome., Margins of safety were

calculated for the radome, hinge assembly, latches, and former assembly.

‘The results of these analyses are given in an extensive report DAC 67785,

a copy of which has been supplied as Data Item 12,
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4.4 LIGHTNING ARRESTERS

The Douglas Aircraft Company has had extensive experience with the
configuration of lightning arresters on such proven aircraft as the DC-6,
DC-7, DC-8, and DC-9 airplanes. This experience was the basis for the lay-
out of the arresters on these radomes (see Figure 11). Solid-conductor strips
were used on these aircraft becéuse the radars enclosed in the radomes were
of one polarization. The dual polarization imposed on the radome design for
this contract made it advisable to proceed directly to a Company-developed
technique which minimizes antenna pattern distortion caused by the arrester.

The acceleréted schedule reinforced this decision. Details are shownin Figui‘e 12.

Printed circuit techniques are used that permit accurate scaling and allow
large quantity production, A high resistive film is coated along the back

of the arrester and gives a continuous path to the lightning discharge., Should
the radome receive a direct lightning strike, the electrical path is initially
set up across the square dots and the carefully controlled air gap

(0. 020 + 0,001 in. ). The main current flow subsequently takes place through

the ionized path above the arrester,

Epoxy adhesive is used to apply the strip to the radome. A specifically
designed paddle section is used to connect the end of the arrester to the

former assembly,

4.5 TEMPERATURE INDICATORS

Seven temperature sensors were located around each radome according to
Figure 13, These sensors were placed on the outside of the radome top,
bottom and side, on the inside of the radome top, bottom and side, and one
embedded in the radome on the side, The accuracy specified by the contract
(-55°C to 45°C within £1/2°C and -30°C to 25°C within +1/4°C) made it
necessary to put the seven amplifiers in two temperature-controlled ovens,
Figure 14 shows the wiring diagram. The ovens were purchased from

Thermal Systems, Incorporated and are shown in Figure 15.
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Calibration of the complete system uses a second-order curve of the form

= 2
T-—a.c.+a,'1 Vout+a2V out
where
T = temperature at °C
as ap and a, = voltage coefficients
Vout = amplifier output (volts dc)

The curve form of calibration is necessary because of the nonlinearity of the
temperatui’e sensor material over the temperature range of interest and the
necessity of supplying the required accuracy. This material varies in resis-
tance according to the Callendar - Van Dusen equation which gives the second-
order calibration curve above. The required accuracy in this equation is

obtained by using the appropriate constants from Table 4.
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Section 5
FABRICATION OF FINAL RADOME

The radome was layed up in the mold shown in Figure 16 using Fibco Plastics

First Article Inspection sheets shown as Figure 17,

To ensure fit of the final radome to the particular P3A aircraft, Fibco
Plastics was directed to make a layup of the nose section of the aircraft,
This resulted in a jig (Figure 18) from which the male mold was made, The

final radome was cut and trimmed in this jig.

At time of inspection, probe holes were cut along the lines shown in Figure
19. There is a 40-in. ~wide window area in which the thickness was care-
fully controlled, The holes matched the lines on which the lightning
arresters were later placed., Inspection was both by MDAC inspection
personnel and government personnel represented by Defense Contract
Administration Services, Fibco Plastic Part Inspection Report (Figure 20)

shows the final dimensions attained,
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Figure 16. Radome Mold
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Section 6
MEASUREMENTS

Two categories of tests were made on the radiometer system which included
both radomes: (1) pattern tests at the MDAC Microwave Test Site, and

(2) transmission tests at both MDAC and Table Mountain (JPL). A complete
set of patterns was obtained. Radome 1 was measured for both horizontal ‘
and vertical polarization transmission loss. Radome 2 was measured for

only horizontal polarization losses due to lack of time.

6.1 PATTERN TESTS

Side-lobe levels, beamwidth change, and beam deflection were measured

from the recorded patterns and are presented in Tables 5 through 21. These
tables summarize the significant information taken from the patterns and put
in a form from which comparisons can be made. The raw data representing
226 pattern recordings were taken at a sufficient scale on the recorder to give
the necessary angular accuracy required by the specification. Approximately
1, 000 feet of Scientific Atlanta Recording Paper 121 were used and because of
this bulk, patterns have not been included in this report. The original patterns

are being forwarded to MSC at no additional cost to the government,

These tables and the following comments on patterns use Figure 21. The four
antennas are oriented so that the electric vector for each antenna is in the
same plane. This is called the E-plane in the text and is shown in Figure 21,
The plane at right angles is called the H-plane. Since the complete antenna
package can rotate, it follows that the E-plane can be oriented at any angle
with respect to the earth, However, system operation has the antenna package
in one of two positions represented by Figure 21a (1) or (2) and called accord-

ingly horizontal or vertical polarization.

39



. 102 9€/91 22/51 A 091
661 sqerres® JON ¥e/v1 S *F1 oL
.\;2 _ 9¢/¥1 yz/st ¥ ST 0¢
G61 9¢/02 92/61 ¥2/81 G L1 0 r4
S9 omEN YAX KA 9 %1 091
€9 orqerteae joN /et rA A 0L
19 ye/12 $2/22 ¥2/v1 9 ¥l 0€
90edg
65 9¢/61 82/02 ve/vi 9°¥%1 .0 9913
€¢ ye/t 92/¢1 091 091
¢ sTqertea® JON 92/¢€1 8%l 0L
62 0g/¢l 92/%1 GGl o€
Lz ye/S1 ¥2/L1 ¥2/91 Z°L1 0 I
*oN (8op ur o18ue /gp) (8sp ut o18ue/gp) (8°p) (8°p) swopey
ursjyed saqoT 9pig dof, soqor 9plg wolog YIPTM weog oduy

ZHD 2¥ 1 LV ZOHH<NHM<JO.”H, TVINOZIYOH ‘SNYILIVJ NOILVAITIH Y04 AYVNINAS

S ?1qelL

40



dp 0¢ ueyj} aJd0WX SUedW -

b3

202 09/¥2 ¥c/sT - 9¢/€2 Gz '1- G°S1 091
002 09/¢2 we/ce ve/61 I1°0- 0°GT 0L
861 09/¢2 ¥e/ee 09/L2 ¥¢/81 G0 "0+ 161 0¢
961 09/¢2 ¥€/92 09/652 ¥e/61 €0~ 2°91 0 2
99 09/82 2¢/22 9¢/61 T 6°S1 091
¥9 09/62 2¢/22 ¥€/02 €0~ 851 0L
29 09/82 ¥e/eT 9£/07 50 ‘0~ 191 0

; soedg
09 09/Lz ¥ve/ee - ve/6l1 GZ°0- 6°G1 0 o0 g
ve ¥5/52 - pe/s7  22/82 9¢/12 §9°1- €51 091
r43 ¥6/22 ve/2e  z2/ez 85/92 ¥¢/81 G0°0- A 0L
0¢ 09/%2 9¢/¥27 22/¢€2 09/92 ¥we/12 1°0- 8 Pl 0€
8¢ 09/¢2  ¥e/se %" ze/61 €0~ 991 0 I
*ON (8op ur o18ue/gp) Ammw ur of8ue /gp) (8op) (8op) (82op) swopey

uxejled $9qoT 9PIS o0L2Z §9qoT 9pIg 406 I93us) weayg YIpIpm wesg oriuy

ZHD 2% °1 1V NOILVZIYVTIOd TVINOZIYOH ‘SNYILIVAd HILAWIZV Y04 XYVNNAS

9 °1qel

41



LLT ve/ce 2€/€2 I°61 091
T GLT s1qerreAe joN 9¢/%2 9 PI 0L
€L ze/61 9¢/22 8 %1 0¢
LT 9¢/02 92/81 ve/1e ¥ vl 0 Z
€11 9¢/12 0¢/z2 0°91 091
111 oTqerrese JoN ve/ze LSl oL
601 9¢/02 ve/2e T°91 0¢
aoedg
L0T ve/61 ze/ze 91 0 CEEXCS
Le1 ve/ce ve/22 1°61 091
Gel o[qeirea® JON ve/cz 8 %1 0L
€el ve/ze ve/¥e v2/ve 0°sl o€
I¢t ve/02 9¢/22 8°GI 0 I
- 'oN (8op ur o13ue /gp) (8op ut o13ue/gp) (3=p) (82p) swiopey
uzeiled soqorT opIg dog, $9qOrT opIg wWoijoyg YIpTM wesqg s13uy

ZHD Z¥ °1 LV NOILVZI¥VIOd TVOILYIA ‘SNYALLVA NOILVATTH YOI XYVINNAS

L °1qEL

42



dpP 0¢ Uy} 2I0U1 surallI -

sk

8LI - 82/¥1  09/%2 ¥e/0Z  ¥T/¥1 sz°1- S ¥I 091

921 09/¥2 2g/s1 - oc/eez zz/el 610~ Lyl 0L

PLI 09/12 ¥¢/¥1 - oe/ez . ve/vl S¢€ 0~ 9 %1 o¢

7Lt - gz/s1  09/€z  0g/0z  ¥z/¥I S1°0- 151 0 z
P11 wm\NN. 9¢/12  ¥2/12 09/sZ ev/iZ  wZ/vi G0°0- 9 %1 091

Z11 ¥s/22 9¢/12  ¥7/12  09/92 8¢/1Z  ¥T/¥1 G2 0+ 21 0L

011 ¥s/1z  9¢/1z ¥Z/0Z 09/s2 2¥/0Z /¥ €0+ 9 %1 0¢ soeds
80T ys/0z 9¢/12  ¥2/oz  09/sz  Z¥/0C  wZ/eEl ST 0+ 671 0 °o1
8¢l 0e/¥1 09/¢€2  ¥v¥/cz  v/¥I1 G0 °1- 61 091

9¢1 AL A 2s/€e  Iw/zz  Cz/gn 1°'0- 8 ¥l oL

vl ve/al = /e 22/¥1 G¢ 0= € ¥l 0¢

4R 8%/02 9Z/81 09/¢2 2¥/oz e2zZ/¢l ¥°0- A 0 I
"ON (8op ur o13ue/gp) (8op ur o18ue/gp) (3op) (3op) (3op)  ewopey

ulisjjed $9qoT 9PIS (0L2 §990T 9PIS 06 I9jue) weaqg YIPiy wesg o13uy

ZHD 2% 1 1V NOILVZIYVIOd TVIOILLYTA ‘SNYILILVd HLAWIZV Y04 AYVININAS

8 °1q=lL

43



J9pINOYS = S
ap 0g ury} alowt mumwa -

sksk

sk

€61 8z/2z 22/92 81/12 ¥%1/0Z § 2c/12 ¥z/zz 81/sz ¥1/Lz O01/z2 L'% 091
161 SIqeyrea® joN - - ¥1/lz 6°¥ 0L
681 0z/92 or1/o¢ - - b1/ 6°F 0¢
L81 02/57 01/82 ¥/l 6% 0O Z
68 z2/Le 21/82 9e/62 0z/bz 81/0¢ 21/lz '8/1€ 1°S 091
L8 oTqeTrEA® JON “ ¥l/iz 0O1/1€ 6%  OL
S8 81/92 01/82 y1/L2 21/2¢ 2°S 0¢
wommm v
€8 02/92 o01/82 ¥1/82 8/1¢ 25 0 s01g
LS 9€/¥Z ¥2/07 02/€2 44S 8/22 O¥/€Z 9¢/€2 0€/€2 ¥e/9Z 02/12 21/52 8 091
6 o1qeirea® JO0N - 9¢/62 - - 02/0¢ ¥1/52 L°¥ 0L
€5 . 81/52 01/82 /8 - - 02/62 ¥1/9z 8'%  o0¢
IS 02/82 01/62 ¥ /0¢ - P2/og - ¥U/LZ 6% O 1
*ON (3op ur o13ue/gp) (8op ut o18ue/gp) (8ep) (8ep) owopey
uaajyed saqo opig dogT, soqor] 9pIg woyog YIPIM  O18uy !
weag -

ZHD 9 °01 LV NOILVZI¥VIOd TVINOZIYOH ‘SNYIIILVJ NOILVATTH YOI XUVINNAS
6 °TqeL

44



ap 0¢ ..Q.mﬂﬁ 9J0W sUBOWI -

i9prnoys =§

RS

ale wle
b

Y230N,
Y61 2¢/9Z 92/¢e 81/52 21/22 " 9/61 o¥/s2 ¥1/02 8/61 Lo- 9% 091
261 81/97 8/02 81/Lz 21/6T 9/0Z  ¥0+ 8% 0L
061 81/8¢ g8/12 81/87 ¢8/02 1% 0+ L'y 0¢€
881 81/Lz 48/02 81/82 (8/0z %0+ 8% 0 ¥4
06 91/62 8/12 91/82 (L/1z S¥°0+ 6% 091
88 81/L2 8/12 9€/62 ¥1/62 (8/12 ST0+ 6% 0L
98 91/82 8/12 9/62 ¥1/62 B8/12 ST'0+ 6%  0OF
aoedg
¥8 ) 91/82 S8/12 ge/6z 91/62 (8/12 20+ L0°S 0 - oo g
8s 0%/Lz 81/¢2 %1/L2 mw\ﬂ pe/tz 82/L7 ¥2/L2 02/82 8/2Z 9°0+ 8'% 091
95 81/62,8/12 9¢/6z - 81/0¢ 8/17 S£'0+ 8% 0L
¥s '81/97 21/82 (8/61 95/0¢ 82/0¢ 81/87 8/61 §E'0+ 8'F  OF
28 81/92 21/62_ 8/02 «= 95/67 81/L7 8/12 20+ 8% 0 1
*ON (8op ut o18ue/gp) (8op ur a73ue/gp) (39p) (89p) (Bop) owopey
ulsped $0q0T 2PIS ,0LZ $9q0T 2PIS 006 10que)d YIPIM o18uy
wies g wesg .

ZHD 90T IV NOILVZI¥VIOd TVLNOZIYOH .wZMM_H.Hd.& HLOAWIZV 304 AYVININAS

01 @19=L

45



gp 0¢ ueyj dI0wW suedwr -

h@.@ﬂﬂo.ﬁm = muwl.n

%

681 - - 91/t1e g8/ez 9€/82 ¥1/Lz 01/0¢ S 6 ‘¥ 091

€81 o1qerres® JON (9/12 81/l 8/02 LY oL

181 - wl/6T 9/t - - 81/t 8/12 8% 0¢

6L1 mN_,:.N 81/62 21/82 S8/2¢ - 81/8z . 8/07 6 ¥ 0 r4

L6 g8/1e vi/ie  9/12 LY 091

S6 g9/12 81/62  o8/12 8 v 0L

€6 9/12 81/62  8/12 8 % 0 _—

16 g8/12 9t/ez  8/12 8 ‘¥ "0 SRR

621 91/92 mw\om 91/52 mo\mm 6 ¥ 091

Lzl mo:n 81/0¢  8/12 8 ‘¥ 0L

KAl 91/92 g9/ez 81/s2  48/02 8 ¥ 0¢ -

XA - - gllee - %7 gt/ 61 8 ‘¥ 0 I

*ON (8op ut o13ue/gp) (3ep ut o18ue/gp) (8sp)  (Bsp) suwopey
ursyed soqoT @pig dog, seqoT °pIg wojjog YIPTM s18uy

weay

ZHD 9 °01 LV NOILVZI¥VTIOd TVOILYEA ‘SNYELIVJd NOILVAFETE Y04 AYVNNAS

1T °19®=L

46



IIPINOYS = Ssiestese
do3 yerdas

YOJON %
981 25/52 2e/9T ¥we/lz 0z/eZ Ov/ve 8/v2 e9/12 09/07 8T/ee ¥e/se ﬁ\wN vi/sz B8/sT 6L°0-  6°% 091
781 - - 02/92 ¥1/L2 - - 7 - pi/9z 8/1¢ S1°0+ 6% 0L
281 22/ve 21/sz ot/Lz vs/cz v1/ve 21/92 8/1¢ S90+ . 6'F OF
081 - - oz/sz S 09/52 ¥1/6Zs%xxS $6 0+ 6% 0 b4
86 $1/82 0e/9z ol/gz  6°0+  0°'S 091
96 02/92 ei/8e 21/82  1°0- w08 0L
¥6 02/9z 21/92 vi/8z s1°0- 6% 0€
aoedg
26 02/92 21/82 y1/82 S§1°0- N CEEX: ¢
o€t 8L/Lz ¥s/sz 81/12 9/ez 09/s1 92/¢z ¥1/oz L0~ 8% 091
821 02/92 01/92 ez/8z ¥1/9z  s'0- 2°s  OL
921 0Z/92 01/92 vS/¥z ¥1/Lz 21/9z se'o+ 8'%  0¢
p21 ¥s/82 02Z/vyz o1/s2 ¥5/92 02/82 21/92 01/92 &S¢0+ 6% 0 T
*oN (8ep ur o18ue/gp) (3op ur s18ue/gp) (82p)  (89p) (8ep) owopey
uropedg §9qoY °PIS (0L §290T SPIS 06 T23u8)  WYpIM  *18uy
wesqg weay

ZHD 9 °01 LV NOILVZI¥VTIOd TVOILYIA ‘SNYALLVd HLOWIZV ¥OJ XYVINNAS

21 2198 L

47



602 2z2/92 81/%7 21/%2 ¥z/se 81/%2 ¥1/02 9°G 091
L0Z s[qejres® JON 22/92 91/12 01/81 G°g 0L
502 8z/¥v2 02/ ¥1/¥2 o01/22 22/97 91/¢z o1/22 9°G 0¢
€02 oe/sz 02/¥e 91/¥z oO1/z2 02/9z  91/%z 01/12 (A" 0 2
gL 2¢€/82 22/82 91/82 21/42 61/62 ¥w1/92  6/¢€2 1°g 091
1L e1qeTRA® JON 2e/82 91/sz  6/¢€z €°g 0L
69 o o¢/8z 02z/82 ¥1/Lz 01/%2 0e/82 91/¥2 o01/¢€2 1°S o€ ooeds
L9 0¢/9z 0zZ/LZ 91/92 ot/¢ce 0z/Lz 91/vz o01/22 €°g 0 o8y
8% 91/92 o01/22 91/22 ¥i/¢z 01/22 1°s 091
6¢ olqerreA® JON 22/97 91/2z 21/02 6% 0L
LE 0€/92 ¥1/52 o01/22 0z/¢z 91/ze o1/22 6 ¥ 0¢
G§ 91/22 01/22 02/9Z 91/¢z o01/22 €°g 0 I
*ON (8ep ur o13ue/gp) (8op ut s13ue/gp) (8=p) (82p) swopey
uxaijed seqoT apis doJ, seqoT °oplg woljog YIPIM o18uy
wieag

¢l °I9=L

ZHD € °22 LV NOILVZIuVIOd AVINOZI¥YOH ‘SNYFLLVJ NOILVAETH YO A¥VNNAS

- 48



ISPIOOUS = Swwk
doj 3e1 g%

YOFON:x«
012 91/0Z ¥1/22 8/61  22/€e 81/1z 2i/LT (8/sT  §€'0- L°S 091
802 "eel/ve 81/s2 ¥1/5¢ mw\ou NN\»N.OH\NN 21/82 mw\wﬁ GlL 0+ €°s oL
902 2z/vZ 81/%2 ¥1/92 mm\oﬂ 72/92 91/€2 mw\hﬁ 58 "0+ wn? S 0¢
%02 zz/ez 81/¥z 8/02 ze/vz 81/2z 21/97 (8/81 171+ *v.m 0 (4
L ee/Le 91/92 ¥1/82 (8/1T  €2/82 81/92 ¥1/éz mo.om ggo- 6% 091
2L ee/lz 81/92 ¥1/Lle 8/02 NN\wm.oﬁon €1/6¢ mw\mﬁ S 0+ 0°s 0L
0L 2z/9z 81/9z ¥1/lz 8/0T  22/8z 91/9z €1/82 B8/61  S¥°0+ 6%  0F |
, soedg
89 ez/Le 81/9z ¥1/le 8/12  2z/82 L1/92 ¢1/0¢ c8/02 €0+ 8 ¥ 0 , o01g
(44 91/12 8/8T 91/¥2 €1/¥T GL/LT o+ 8% 091
0¥ 2e/9e 81/s2 ¥1/92 8/61 ?z/82 91/%vT GL/8T  S¥T0+ L% 0L
8¢ 22/97 81/92 g6/12 ?e/9T 91/sT GL/6T L0+ w.¢, o€
9¢ ze/le 81/92 S6/12 ?2/92 91/¥2,,,.8/81 §9'0+ 6% 0 o
*ON (8op ur o13ue/gp) (8op ur o18ue/gp) (89p) (82p) (8sp) swropey
uaolyed saqor 9pIig oo.\..m saqory 9pIg oom .HMMMM% MMMM\M o18uy

ZHO €22 LV NOILVZI¥VTOd TVLNOZIYOH ‘SNYEIIVd HILAWIZV ¥04d XYVINNAS
¥1 o198l

49



I9pINOYsS = Sx

691 ze/Lz 81/s7 6/02 ee/9z 91/9e e2i/iz. L[0T 8 ¥ 091
L9T oTqerTesT JON  (L/61 ve/sz 81/9T ¥1/92 8/0T L% 0L
591 22/9z 91/vT  8/61 ve/9z 81/9z ¥i/sT (O1/81 Lv o€
.m.: ‘ze/se 91/sT  ¢8/81 22/l 81/¥z ¥1/92  8/L1 L% 0 r4
121 €2/iz 81/ST GLI61 2e/9z 81/97 ¥1/Lz  46/02 2" 091
611 oTqeIreA® 310N L/02 22/92 wiwm vi/Le  6/02 0°s 0L
LTT ze/8e 91/92 gL/6l 22/92 81/92 ¥wi/lz mm\cm 6 ¥ o€
aoedg
STI1 ez/8z 91/9z 8/61 Ze/9z 81/9z ¥wi/lz  g6/02 8 ¥ 0 ool g
Gl ze/lz 81/Lz  6/02 02/¥2 91/92 21/S2 mw\om 4 091
34 oqertese joN mw:N . ¥e/92 81/92 ¥%1/92 mS\E 6 ¥ 0L
151 0z/€7 91/€2  G9/8I €2/sz 81/52 ¥1/92 (01/61 6% o€
6¢1 2e/sz 91/¢2 ,ww\S Lz/c2 w1/%2 *moiﬁ 8 v 0 I
*‘ON (8op ur o13ue/gp) (8op ur o18ue/gp) (8=p) (82p) swopey
uisijed saqorT apig dog, saqor] 9plg wojjog UIPTM s18uy
v weag

g1 °19BL

ZHD € '22 IV NOILVZI¥VTOd TVOLLYHIA ‘SNYHALIVA NOILVAETHE Y04 X¥VINNAS

50



19pInoys = w\.ic.h

UDION sk
doj 1er1dx
0L1 0€/92 92/9z 81/9Z ¥1/sz o1/1% 02/92 91/s2 01/12 G2°0= K18 091
891 0€/82 02/82 91/L2 %1/%2 02/82 ¥1/%Z o01/€2 S9 0+ *m.¢ 02
991 0g/LZ 02/92 91/52 21/22 02/22 oﬁxmm*%$mw\oﬁ Gz 1+ €°6  0¢
791 0z/sz 91/92 21/22 02/92 ¥1/¢2 01/22 4GS0+ **ﬂ.m 0 2
221 02/,2 91/€2 01/22 0¢€/L2 02/82 @m\pm 01/€2 60'0-. 1°S 091
021 0g/Lz 91/LZ 01/¢€2 - ¥1/%2 01/22 2°0+ w05 0L
811 0€/82 91/.2 01/%2 - ¥1/%2 01/€2 G0°0+. 1°S O¢
. o eoedg
911 0€/82 91/L2 01/%2 02/82 ¥%1/92 01/¢2 S0 0+ 16 0 CEEN:
9%1 02/%2 01/L2 ¥1/¥2 01/€2 6S€°0- 1°'s 091
4l 02/92 91/62 21/62 02/82 01/12 €S 0+ 1S 0L
YAd! 0Z/s2 91/62 01/92 81/92 ¥1/¢2 8/vz 8°0+ wsC S OF
0¥1 0z/12 ¥1/¥%2 9¢/81 ¥1/2z 01/12 80+ _¥'S O I
(8op ut o18ue/gp) (8ap ur s13ue/gp) (8ep) (3ep) (89p) owopey
*ON §9q0TT 2pIS 0242 soqorT 9PIS 06 I9jusd YIPIM °1duvy
, wesg weeg

uasjjed

ZHD € *22 1LV NOILVZI¥VTIOd TVOILYHA ‘SNYELIVd HLAWIZY ¥0d4 ngzbm

91 919®=L

51



3t wo afddix gp

e e s
€012 aﬂ

091

L12 92/87 wi/¢€2 e/l 21/92 €°9

612 S1qerreae JON ye/lz  wvi/ve p *G 0L

€17 ve/8z ¥1/9¢C o¥2/8e QEEN 6°9 o€

112 oP1/7ve et/ ez/eT wl/eT 8/l LS 0 4

18 ve/sz  0Z/82 w1/¥2 02/9z z1/sz 19 091

6L sfqertes® J0N vz/Lz  ¥1/s2 6°S oL

LL 22/92 m:\w_N 21/se ¥2/82 ¥1/92 6°S 0¢ :

. : “aordg

Gl 'zz/92 81/82  ¥w1/92 ¥2/82 ¥1/92 6°S 0 901 g

6¥ 9¢/¥2Z 91/492 433 81/s27 21/22 79 091

Ly o1qerrese joN 0z/sz ei/ee €' 0L

s% 9¢/92  01/12 0z/52 01/52 0°s og

X7 9¢/s2 21/22 0z/Lz  01/72 1°'s 0 I

*ON (8op ur o18ue/gp) (3op ur a18ue/gp) (8op) (8ep) suwtopey
uisped saqoT 9pig dog, §9qoT 2pIg wolog YIPTM o18uy V 3

weag

LT °TqeL

ZHD ¥ 1€ IV NOILVZI¥VTIOd TVINOZIYOH ‘SNYIILILVJ NOILVAITH YOI AYVININNS

52



orddrx gp 7

\v/
.SHUu.OZucmn
doy eI,
812 81/¢€2  ¥1/€2  8/LI 2z/sz  81/se g01/81 §9°0- sl 9 091
912 42\5 dm:\mm mo\m: 1°0+ ¥ g oL
Eav: 81/8%2 - - - mw\ﬁ ¥ 0+ g°g 0¢
212 qmm\wm qmiom S QONRN mw\ON €0+ w g 0 4
28 - - 8/02 - - 91/82 ¥ 0+ A 091
08 81/82 91/62 mw\ﬁ €0+ o S 0L
8L 81/82 g8/02 g€ *0+ WL o€
’ sordg
9L 81/62 g8/0¢ G1°0+ w8 0 %014
0§ ve/61  91/aT 9/61 9e/ve 8/1z  S€°1- L£°S 091
8¥ - 91/82 - mw\mm ST °0+ 1°s 0L
9% 81/92 - mw\wN 6T "0+ 1°6 0¢
44 81/L2 mwt.m S0 "0+ €S 0 I
*ON (8op ur a213ue/gp) (8op ut o18ue/gp) (8op) (8sp) (8op) swopey:
uispeq $9qoT 9PIS 0.2 $9qoT 9PIS 06 I93uend YIPTM o13uy
; wesg weeoyg

ZHD ¥ °1¢ IV NOILVZIUVIOd TVINOZIYOH ‘SNYILLVd HIANWIZV Y04 X9VININAS
, 81 °19eL

53



191 - - g01/81 vi/cz 21/52 01/92 6 'S 091

651 STqEII®A® JON  8/81 81/92 21/82 I°g 0L

LGT - ﬁ\wm mm\om ve/Lz 8Z/82 81/lz - 0°s 0¢

GsI - mw\om 9¢/s2 91/82 01/%2 2°S 0 r4

S0T - - 8/12 9z/0¢ 81/82 1°s 091

€01 o1qeriea® jJoN mw:N ge/0¢ 81/82 2°g 0L

ot - - g8/02 g8e/62 ~81/L2 1°g o€ - eds

66 - - g8/02 ge/62 81/LZ I°s 0 oo1 g

€s1 02/s2 mw\i v1/s2 21/¢z  8/61 1°s 091

161 STqETTeA® 1ON  8/61 81/9¢2 1°S 0L

671 - g8/L1 81/L2 g8/61 4 0¢

L¥1 - g8/81 9¢/22 - - rA 0 I

*ON (89p ur a18ue/gp) (8op ut o18ue /gp) (3=p) | Awmwv o&ovmm
uaojled $9qoTT °pls dor soqor] 9pIg wojjog UIPTM o13uy

wesg

ZHD ¥ *1€. LV NOILLVZIVVIOd TVIOILYEA ‘SNYHILIVA NOILVAITH ¥O4 XYVNNNS

60 °T9%L

54



U2ION,

Ard

do3 3erd

291 81/1Z 91/2z  21/61 91/12 ¥®1/61 O01/¥2  S¥°0- L9 091

091 - ¥z/sz ¥1/¥ve - ¢e/Lz 81/82 Z1/92  SO'T+ 9°s 0L

85T - ¥z/9z zi/se - ce/82  zl/9z 2 1+ A 0€

961 0z/82 ¥1/92 2e/92  2l/sz  S9°1+ £S5 S 0 2.

901 vz/ez vi/Le ye/8z  ¥1/9z . S1°0- 59 091

701 ve/8e 02/62 g¥l/se ve/ez vi/Lz  sLto+ L 67S 0L

201 ve/82 02/62 G¥1/92 velez  wi/Lz L0+ 978 0€

soedg

00T ve/8e 02/6T G¥1/92 vz/ee  21/Lz g0+ ,,9° Y 931 g

¥S1 ez/1z 21/1z  9€/0z 2z/ee 81/sT ¥I/61  §9°0+ . 6'S 091

21 ve/se  vi/ve 22/82 21/se Z° T+ x9S 0L

06T 9e/sz  ¥1/%2 ee/8z  2l/sT  SLTT+ 6 7G 0¢

8% 1 - v1/92 2e/le 21/¥e STUL+ WL s 0 I

"ON (3op ut o13ue/gp) (8op ur o18ue/gp) (8op) (3op) (3op)  swopey
uasped §9qOT 2PIS 042 §9qOT 9PIS 06 Iojued  YIIPIM 913Uy

wesq wesag

ZHD ¥ 1€ 1V NOLLVZIYVTIOd TVOILYHA ‘SNYFILIVL HLAWIZV Y04 XEVININNS
02 °Iq&=L

55



v = o1ddra gp ¢-2

dor, LAE
Y230N
E3
922 91/s2 ¥1/¢2 mw:m ¥/ve  2Z/ve  vl1/¥e mw\t *%m.m 091
¥22 22/%2 81/9z2 ¥1/92 mw\i - 91/¢2 mw\f 6y 0L
222 ¥z/s2 81/92 ¥1/L2 mm\om - ot/sz mw\wH 6% 0
022 ee/ez 81/sc  8/07 zz/sT 9l/zz 8/8I [ 0 Ynwzy
$0q0T °PIS 0.2 §9qO07T SPIS |06
522 oL/Lz 81/s2 21/S%2 qwiom qi\mm qo:N we© g 091
€22 orqerteae JON oz/sz 91/%2 01/02 2°S 0L
122 .qou\ﬁ. qﬁ\om qoimm qﬁ\mw qoimm 2°9 0¢
612 v02/92 dﬁ\wm v01/€2 g0e/Lle ¥l/se ot/ez 6% 0 UOTFe ARTH
‘ON (8op ur o13ue/gp) (83op ur a8ue/gp) (39p) (32op) uisyed
uxsjjed saqoT opig doj, soqorT 9pPI§ wollog UYIpIm eT8uvy
weag

. ZHD ¢ °22 LV NOILVZIYVTOd TVLINOZIYOH
2 JNOAVY SYHLSHYYV DONINLHDIT LAOHLIM NIMNVI SNYILIVd 404 A¥VINNAS

12 °19=L

56



WwalsAg Jo Anjawoan) °|z ainbiy

«043 "STONV 08 IHL "TTIONV o0 IHL, SV LX3L IHL NI OL a3"H343H

OO oe ©
(¢}
> 4
oOL
009t
M3IA 3015
SNY3LLVd NOLLVAZI3 (2) : SNHILLVd HLOWIZY (1) (4
.'043°301S WOLLOE NV 3QIS dOL IHL, +"0L3 ‘3QIS (0L FHL ‘3QIS ;06 3HL, SV LXIL IHL NI OL A3IHYI43Y

SV 1X31 3HL NI OL Q3HH343Y

— | >

- 006 o042
M3IA dOL
M3IA 301S
AaINHVIN 34V SNHILLVE 1TV ,
: . o

_ " .
@ NOILVZIHV10d ' aNVIdH

(e

VLNOZIHOH <
anve-1
NOLLYZIHVIOd
IVOLLYIA )
O INVIdH NV
o M3IA LNOYHS

M3IA LNOYd
\O O/ nv_
3NYd-3 ANV

ANVaX

57



Each pattern as recorded uses the nomenclature of Figure 21 and is so marked.
Figure 21 shows the four discrete angles for which the azimuth and elevation
patterns were taken, Figure 22 shows the antenna package on the test pedes~-

tal and corresponds in oriental to Figure 21a (1).

The elevation plane of the antenna package is skewed with respect to the plane
of the mount elevation table. Therefore, patterns taken in the azimuth plane
should be given more vireight than those taken in the elevation plane. Varia-
tions in the symmetry of the main beam are considered from the azimuth
plane patterns only. Notches and flat tops occurred on the main beam for
innumerable patterns at X-, K-, and Ka-bands. Some examples of these

variations are shown in Figure 23.

Comparisons from the patterns are made for the following cases: (1) with
and without lightning arresters, (2) variation in side-lobe levels, (3) varia-

tion in beam shift, and (4) variation in beam-width.

6.1.1 Lightning Arresters

A double overlay (Figure 24) has been made at K-band with and without
lightning arresters. The agreement in side lobes, as judged from this

figure, indicates little or no effect caused by the arresters.
6.1.2 Side L.obes

6.1.2.1, L-Band (H-Plane)

The free space H-plane pattern is quite asymmetrical (Pattern 110). In
horizontal polarization there is a 14-dB side lobe on the bottom which would
intersect the ground for the 0° through 70° angles. On the top, the side lobe
is 20 dB and is a double lobe. Neither radome changed the bottom side lobe,
but both increased the top to 14 dB by breaking up the double lobe.

Side-lobe level changes for the H-plane patterns can be seen from Table 5.
On the 90° side there is excellent agreement for all four angles between free
space and both radomes. On the 270° side, the radomes do increase the level

of the first lobe, again by breaking up the double lobe.
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Figure 22. Antenna System, Mount, and Test Pedestal

Comparing the H-plane patterns for free space for the four angles, it can

‘ definitely be concluded that the structure does not affect the patterns (see
patterns 108, 110, 112, and 114). ’

The elevation patterns (Table 5) show higher side lobes than those in Table 6.
As mentioned above, the vertical plane is skewed and patterns are not taken

through the peak of the beam.

6.1.2.2 L-Band (E-Plane)

On the 90° side for horizontal polarization, there is one case of a 2-dB
increase in side lobe. In several other cases the side lobes were actually
decreased (see Table 6). On the 270° side there were no increases in the

first side lobe caused by the radomes.
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6.1.2.3 X-Band (H-Plane)

For vertical polarization the main beam in each set of patterns (free space,
radome 1, and radome 2) was badly notched. At the 160° angle there is a
great increase in all the side lobes for both radomes, radome 1 having a
15-dB lobe at 60° from the main beam. At the 30° angle, there is a some-
what small increase in side-lobe energy. The first lobes, however, in all

cases except the 160° angle are down less than 3 dB (see Table 11).

For horizontal polarization, the notch still appears and the 160° angle has

increased side-lobe energy (see Table 8).

6.1.2.4 X-Band (E-Plane)

There is one first side lobe which changes 3 dB going from free space to the
radome. It occurs on the 270° side of radome 1 at the 160° angle (see Pat-
tern 58). All other lobes match within 3 dB, the specification value (see
Table 9). The patterns for the 160° angle for both radomes show higher lobes
at about 30° off the main beam, because the X-band horn is quite close to the

temperature-sensing wires.

Table 10 gives the results of the E-plane taken by elevation patterns. In each
of these patterns the main lobe has a notch on it. This occurred on the other

polarization also. -

6.1.2.5 K-Band (H-Plane)

There is a variation of 2 dB in free-space patterns over the fouxl angles 0°,
30°, 70°, and 160°. However, the first side 1obe for the patterns for both
radomes are within 3 dB of the free-space value for each corresponding angle
except for radome 2 at the 30° angle on the 90° side where the increase is

4 dB (see Pattern 166). There is an increase in side-lobe energy for the 0°
angle 36° off the main beam for both radomes and at the 30° angle for radome 2
only. The other angles had no increased energy into the side lobes (see

Table 15). Notches and flat tops occur in each set of patterns.
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6.1.2.6 K-Band (E-Plane)

The first side-lobe level is within specification for all angles on both radomes
(see Table 13), except for the 160° angle on radome 2 where the increase is
4 dB (see Pattern 210). At this angle also there is increased energy in the

other side lobes. Notches and flat tops occur in each set of patterns.

It is interesting to note that the corresponding pattern for vertical polariza-
“tion does not have this increase in side lobe nor the increased energy in the

other side lobes (see Pattern 169 and Table 14),

6.1.2.7 Ka-Band (H-Plane)

The vertical polarization patterns for both radomes match the free-space
pattern within 3 dB except at the 160° angle. At this angle for both radomes,
there is increased energy in the side lobes (see Patterns 154 and 164). The
free-space main beam has a notch at all angles and the results seem to be
that the patterns with radomes then tend to have a 2 to 3 dB ripple (see

Table 19).

6.1.2.8 K_-Band (E-Plane)

The free space patterns have a notch on them and the patterns with radome

have a ripple on them. The side lobes with radome on have good agreement
with free space again with the exception of the 160° angle (see Table 17 and
Patterns 50 and 218).

6.1.3 Beam Shift

6.1.3.1 L-Band (E-Plane)

There is a 1. 3° shift in beam from the 30° angle to the 160° angle for the
free-space pattern. Whereas the maximum shift from free space due to the
radome is 0.25° for radome 1 at the 160° angle and 0. 2° for radome 2 at the

70° angle. The s‘pecification is 3° so the effect is quite small (see Table 5).
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6.1.3.2 L-Band (H-Plane)

There is a 0. 3° shift in beam from the 30° angle to the 160° angle for the
free-space pattern. However, the maximum shift from free space due to the
radome is 1° for radome 1 at the 160° angle and 1.2° for radome 2 also at the
160° angle (see Table 7).

6.1.3.3 X-Band (E-Plane)

For horizontal polarization, the shift in beam for both radomes was 0.2° or

under all angles, except the 160° angle on radome 2 where the shift was
1. 15° (see Table 9).

6.1.3.4 X-Band (H-Plane)

For vertical polarization, the beam shift was quite large, the highest being
1. 65° for the 160° angle on radome 2. Again these patterns (Table 11) had

notches and flat tops occurring even on the free-space beam.

6.1.3.5 K-Band (E-Plane)

The maximum beam shift for the free-space beam over the four angles is
1. 05°. However, for the radomes the maximum change from free space

occurs at the 0° angle, on radome 2 where the change is 0. 8° (see Table 13).

6.1.3.6 K-Band (H-Plane)

The free-space beam over the four angles shows only a 0. 25° change (see
Table 15). There is a 1. 2° change in radome 2 at the 30° angle. Sidelobe
energy is high (see Pattern 166).

6.1.3.7 K - Band (E- Plane)

The beam Shlft is less than 0. 2° for both radomes except for the 160° angle.
Here the shift is 1.75° for radome 1 and 1. 05° for radome 2.

6.1.3.8 Ka—Band (H-Plane)

The greatest change for this polarization occurs at the 30° angle where the
shift is 1. 05°,
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6.1.4 Beam Width

6.1.4.1 L-Band (E-Plane)

There is a 0. 3° (1. 9%) maximum change in beam width for the four angles for
the free-space patterns. The greatest change caused by the radome occurs
at the 70° angle for radome 1 where the change is 9.4% Radome 2 has a
maximum of 6% at the 30° angle. Specification is 10%(see Table 5).

6.1.4.2 L-Band (H-Plane)

There is a 0. 7° (4. 7% maximum change in beam width for the four angles
for the free-space patterns. The greatest change caused by the radome
occurs at the 0° angle for radome 2 where the change is 5. 5% Radome 1

has a maximum of 4. 7% at the 0° angle (see Table 7).

6.1.4.3 X-Band (E-Plane)

The beam width varied no more than 0.15° from the average value. The
beam width appears to be virtually unchanged by the radomes. Notches do

appear in the main beam (see Table 9).

6.1.4.4 X-Band (H-Plane)

°

Azimuth patterns taken with vertical polarization generally had a notch on

the main beam. This occurred with radomes and free space. Patterns 128,
130 and 96 had a flattened main-beam peak. The beam width in these cases
was unaffected in value. The notches and flat top were at the 30° and 70°
angles where the array is clear of radome sensor wires. In particular, the
flattened free-space pattern (Pattern 96) was at the 70° angle (see Table 11).
Elevation patterns with horizontal polarization has some notched main beams,

two of which were free space but no flattened tops (see Table 8).

6.1.4.5 K-Band (E-Plane)

Radome 1 and free~-space beam widths compare quite well. Radome 2 has a
decided increase in beam width, for all four angles giviﬁg a maximum increase
of 0.8° at the 160° angle. These patterns indicate a general increase in side-
lobe level (see Table 13).
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6.1.4.6 K-Band (H-Plane)

The beam width is quite constant for both radomes varying only 0. 3° for
radome 1 at the 0° angle (see Table 15 and Pattern 140).

6.1.4.7 Ka- Band (E-Plane)

There is a difference of 0.4° in the beam width for the free-space patterns
going from the 0° anglé to the 30° angle. All beams have a notch on them,
the 160° angle having a 1/2-dB notch. The beam widths vary from 5.1° to
6.1°,

6.1.4.8 Ka-Band (H-Plane)

The free-space patterns for all four angles have only 0. 1° variation in beam
width. Both radomes have beam-width values close to free space, except
for the 160° angles.

6.2 TRANSMISSION TESTS

When MDAC was requested to use the antenna package supplied by MSC
instead of individual antennas, it was understood that the techniques for
transmission measurements given in MIL-R-7705A (ASG) 12 January 1955,
could not be followed. It would not be possible to move the radome with
respect to the antennas the required one-quarter wavelength., The radome,
however, could be moved off and on the mockup fixture within 5 min and it
was felt thaf good comparative tests could therefore be made. ‘At each fre-
quency and polarization, the equivalent angle used for the on-off comparison
was 0°. Readings were then taken for the other angles (30°, 70°, and 160°)
with radome on and compared to the 0° angle reading. It was understood that
along with the inability to move the radome one-quarter wavelength that any
mismatch in the antenna system would degrade the accuracy of the readings.

The readings obtained are presented in Table 22.

It was agreed by the technical personnel from MSC, JPL and MDAC that
transmission reading would be taken on the radomes during the calibration

tests run by JPL at their Table Mountain facility, The partial results from
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these measurements on transmission are also given in Table 22 for an aver-
aged value (20° to 70°). These numbers represent the absorptive losses

caused by the radome,

Tests were made for a few angles with and without the lightning arresters
(in place) along with one test run to determine any effect in transmission due
to the presence of the temperature-sensing wires., The final results of these

tests will be in a JPL report.

A review of Table 22 gives no conclusive results, Some indication of the

ambiguity can be seen if the data are compared as follows:

1. Exclude the MDAC results from angles 0° and 160° because of
some of the pattern changes observed at these angles.

2. Exclude K-band temporarily.

JPL data show both radomes at or below specification for the
three frequencies. MDAC data show each radome equally in
and out of specification with no apparent order correspondmg
to angle, polarization, or radome. : .

4. Considering now the K-band readmg, JPL data show both radomes
on horizontal polarization to be in specification while the MDAC
data show radome 1 and radome 2 out. Conversely, JPL data
show both radomes out at vertical polarization and MDAC (on
radome 1) show one angle in and one angle out.

68



